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1. Introduction 
Specific, cytosolic binding proteins for 1 ,25-(OH)2- 
Da exist in the established target organs, e.g., intes- 
tine [ 1,2] and bone [3], as well as in other tissues 
[4-81, and these ‘receptors’ appear to transfer the 
hormone to the nucleus. A similar binding protein 
was detected in cytosol prepared from rat [9] and 
mouse skin [lo] suggesting the presence of a cutane- 
ous 1 ,25-(OH)z-D,-receptor system. 
To study the mechanism of the interaction of 
1 ,25-(OH)2-D3 with skin, we determined the distribu- 
tion of the hormone within subcellular organelles in 
vivo and in vitro. Here, we report that 1 ,25-(OH)Z- 
[3H] D3 injected in vivo preferentially accumulated in 
cytosol and nuclear fractions of whole mouse skin 
and that nuclear uptake of hormone in vitro was 
dependent on time and temperature of incubation. 
These results suggest he existence of an intracellular 
receptor system for 1 ,25-(OH)z-D3 in skin that is sim- 
ilar to the hormone’s receptor system in intestine and 
bone. 
2. Materials and methods 
2.1. Seco-sterols 
We used 25-OH-[26,27-3H]Da (12.2 Ci/mM) and 
1 ,25-(OH)T[23,24-3H]D3 (120 Ci/mmol) in sedimen- 
tation analyses of cytosol (Amersham Chemicals, 
Arlington Heights IL); 1 ,25-(OH)z-[26,27-3H] D3 
(160 Ci/mM) for distribution studies (New England 
Abbreviations: 1,2S-(OH),-D,, I ,25dihydroxyvitamin D,; 
25-OH-D,, 25-hydroxyvitamin D,; HPLC, high-pressure liquid 
chromatography 
Nuclear, Boston MA); and crystalline 1 ,25-(OH)2-D3 
(a gift from Dr Milan Uskokovid, Hoffmann-La Roche, 
Nutley NJ). 
2.2. Extraction and sedimentation of skin cytosol 
binding proteins 
Whole skin was removed from decapitated mouse 
pups and washed immediately in TKM buffer (2°C) 
containing 10 mM Tris-HCl (pH 7.4) 1 mM EDTA, 
5 mM dithiothreitol, 300 mM KCl, and 10 mM sodium 
molybdate. After removal of loose connective tissue, 
the skin was minced with scissors and homogenized 
with an AquaPhase (Brinkman Instruments) on a 
medium setting (3 times for 5 s) with intermittent 
cooling. The homogenate was filtered through nylon 
and re-homogenized (Dounce; 8 passes). Cytosol was 
collected by centrifugation at 100 000 X g for 1 h. 
Aliquots (0.25 ml) of cytosolic supernatant containing 
1 mg protein were incubated at 2°C with 4 nM 
1,25-(OH)z-[3H]D3 alone or with 40 nM unlabelled 
1,25-(OH)2-D3 or with 4 nM 25-OH-[3H]D3 alone. 
After 3 h at 2”C, unbound sterol was adsorbed by 
treatment of the mixtures with dextran-coated char- 
coal. Supernatants were layered onto sucrose gradi- 
ents (4-20s) prepared in the homogenization buffer 
and centrifuged for 18 h at 257 000 X g. Parallel gra- 
dients contained 0.25 ml cytosol containing 5 mg 
protein, prepared from intestine of vitamin-D-deficient 
chicks [ 111, that was pre-incubated with 4 nM 
1 ,25-(OH),-[3H] D3 alone or together with 40 nM 
unlabelled sterol. Sedimentation coefficients were 
estimated by comparison with protein markers (bovine 
albumin, 4.4 S; ovalbumin, 3.7 S). Gradients were 
fractionated from the bottom of the tube, and radio- 
activity was determined by scintillation counting. 
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2.3. In vivo I,25(OH),-( 3HJD3 distribution studies 
Three neonatal mice received intraperitoneal injec- 
tions of 0.5 yCi 1 ,25-(OH),-[3H] D, (4 pmol) deliv- 
ered in 10 ~1 40% propylene glycol. After 4 h, the 
animals were killed for collection of blood and skin. 
A 10% (w/v) homogenate was prepared as before, 
except that the buffer was 0.25 M sucrose in TKM 
(50 mM Tris-HCl (pH 7.4); 20 mM KCl; and 5 mM 
MgCl*). The homogenate was centrifuged for 10 min 
at 1200 X g to yield a crude nuclear pellet; the super- 
natant was centrifuged for 20 min at 10 000 X g to 
obtain a mitochondrial pellet. Further centrifugation 
of this supernatant for 100 000 X g for 60 min yielded 
a microsomal pellet and supernatant (cytosolic) frac- 
tion. All organelle fractions were washed 3-times by 
resuspension in sucrose TKM and recentrifugation. 
Subcellular fractions were extracted with chloroform/ 
methanol [ 121 and subjected to high-pressure liquid 
chromatography (HPLC) on a pm-Porasil column 
(Waters Associates, Milford MA) eluted with 10% iso- 
propanol in n-hexane at a flow rate of 1.5 ml/min. 
Radioactivity was monitored by scintillation counting. 
2.4. Incubation of skin homogenates with 
1,25-(OH),-(3H]D3 in vitro 
Aliquots (1 ml) of whole-skin homogenates pre- 
pared in sucrose TKM as described above were pre- 
incubated with 4 nM 1 ,25-(OH)2-[3H]D, at 0°C for 
30 min. Duplicate tubes were then incubated further 
at 0°C and 22°C for 15 min or 40 min. Crude nuclear 
and cytosol fractions were isolated as before, extracted 
with solvent, and subjected to HPLC. 
3. Results and discussion 
3.1. Sedimentation properties of cytosol proteins 
from mouse skin 
Sucrose density-gradient analysis of binding pro- 
teins extracted from mouse skin cytosol and labelled 
with 1,25-(OH),-[ 3H] D3 revealed 2 peaks of bound 
sterol (fig.lA); sedimentation coefficients were esti- 
mated to be 6-6.2 S and 3.5-3.7 S. Incubation of 
1,25-(OH),-[ 3H] D3 in the presence of a 1 O-fold 
excess of unlabelled 1,25-(OH),-D, nearly eliminated 
the 3.5-3.7 S peak of radioactivity and reduced the 
6-6.2 S peak. In gradients containing cytosol labelled 
with 25-OH-[3H]DJ, only a 6-6.2 S peak was seen. 
Sucrose density-gradient centrifugation of a vitamin- 
D-deficient chick’s intestinal cytosol showed a single 
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Fig.1. Analysis, by sucrose density-gradient centrifugation 
(0.12 ml fractions), of the binding of 1,25-(OH),-[ ‘HID, and 
25-OH-[3H]D, by cytosol from mouse skin and chick intes- 
tine: (A) 1 mg skin cytosol protein was incubated with each 
metabolite for 3 h at O”C, and binding was analyzed on 
4 -20% sucrose gradients; binding of 4 nM 1,25-(OH),-[ “HID, 
alone (0) or in the presence of 40 nM (o) unlabelled 
1,25-(OH),-D, and binding of 4 nM 25-OH-[‘HID, alone (a); 
(B) binding by chick intestinal cytosol(5 mg) of 4 nM 
1,25-(OH),-[ ‘H] D, alone (0) or with 40 nM unlabelled 
1,25-(OH),-D, (0). 
peak of 1 ,25-(OH)2-D3displaceable radioactivity that 
co-sedimented with the 3.5-3.7 S component 
extracted from skin cytosol shown above. Two entities 
that bind 1 ,25-(OH)L-D3 had been shown in mouse 
skin cytosol [ lo], but their chemical nature and func- 
tion are still not known. The 3.5-3.7 S macromole- 
cule in our preparations appears to have high affinity 
for 1 ,25-(OH),-D3 (Kd - IO-” M) and sedimentation 
properties similar to those of the 1 ,25-(OH)2-D3 cyto- 
sol binding protein from chick intestine, suggesting 
that it may indeed be a receptor protein. The 6-6.2 S 
macromolecule, however, preferentially bound 
25-OH-D3 and, therefore, could represent contamina- 
tion of cytosol by the serum 25-OH-D binding pro- 
tein (DBP); this has been shown to occur during 
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homogenization of other vascular tissues [ 151. Consis- 
tent with this idea is our recent finding that cytosol 
extracts from avascular epidermal scrapings of human 
skin display a 3.5-3.7 S but not the 6-6.2 S peak. 
The 6-6.2 S component in mouse skin cytosol ham- 
pered further study of the affinity and specificity of 
the 3.5-3.7 S protein, inasmuch as any binding would 
necessarily be a function of both binding components. 
3.2. Accumulation of I,25(OH),-[‘HID, in skin 
subcellular fractions in uivo 
In pilot experiments, 1 ,25-(OH),-[3H] Da was 
detected in crude nuclear fractions at 30 min after 
intraperitoneal injection of 0.5 PCi, and its concen- 
tration in this fraction had tripled after 4 h. The dis- 
tribution of 1 ,25-(OH),-[3H] D3 in mouse skin, 
assessed 4 h after administration of 0.5 PCi tritiated 
hormone, showed that the majority of the recovered 
radioactivity 090%) was distributed between nuclear 
(46%) and cytosol (48%) fractions (table 1). Only 
small amounts of radioactivity were observed in the 
mitochondrial (1.7%) and microsomal (4.2%) frac- 
tions. A notable concentration of radioactivity 
(62 138 dpm/ml) was found in whole blood pooled at 
the time of sacrifice. When the incorporation was 
expressed as specitic activity (dpm/mg protein) in 
each fraction, the crude nuclear fraction had the 
highest activity. On HPLC, >90% of the radioactivity 
extracted from the blood and organelles had co- 
migrated with authentic 1 ,25-(0H)2-Da, indicating 
that little metabolism of the hormone had occurred 
Table 1 
Accumulation of radioactivity in subcellular fractions of 
mouse skin and blood 4 h after administration 
of 1,25-(OH),-[‘HID, 
___- 
Fraction dpm/g tissue dpm/g proteinb 
Nuclei 8333 10 817 
Mitochondria 304 569 
Microsomes 157 648 
Cytosol 8721 1202 
Blood 62 13ga 
a Expressed as dpm/ml of whole blood (mg protein/g tissue) 
b Protein content (mg) of each fraction was: I .8, nuclei; 1.0, 
mitochondria; 2.1, microsomes; and 12.2, cytosol 
The thrice-washed crude nuclear pellets, although contami- 
nated with non-nuclear material, consistently contained 2 mg 
DNA/g wet wt of tissue. Protein was measured as in [ 131, and 
DNA was estimated as in [ 141 
at this time. The preferential accumulation of 
1 ,25-(OH)2-[3H]D, in nuclear and cytoplasmic frac- 
tions of mouse skin is similar to the pattern of subcel- 
lular distribution of 1,25-(OH),-Da in the intestine 
[171. 
3.3. Effect of time and temperature on the accumula- 
tion of 1,25-(OH),-[3H]D, in skin in vitro 
Tritiated 1 ,25-(OH)2-D3 also localized in the 
nuclear and cytosol fractions after incubation in vitro, 
and its relative concentration in these compartments 
was dependent on the time and temperature of incu- 
bation. Accumulation of tritiated 1,25-(OH),-D, by 
cytosol fractions was greater at 0°C and decreased by 
-22% after 40 min at 22°C (tig.2). Concomitant with 
the decrease in 1 ,25-(OH),-[3H] D3 in the cytosol was 
a 30% increase in tritiated hormone in the nuclear 
fraction. However, the total amount of 1,25-(OH)2- 
[3H]D3 in the nuclear fraction remained lower than 
that in cytosol. These results are consistent with the 
hypothesis that 1,25-(OH),-D, initially binds to the 
cytoplasmic receptor and is subsequently transported 
to the nucleus. 
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Fig.2. Effect of time and incubation temperature on nuclear 
and cytosolic binding of I,25(OH),-[‘HID, in mouse skin 
homogenates in vitro. Aliquots (1 ml) of skin homogenates 
were pre-incubated with 4 nM 1 ,25-(OH),-[3H]D, at 0°C for 
30 min. Duplicate tubes were then incubated further at 0°C 
or 22°C. Crude nuclear and cytosolic fractions were then iso- 
lated as before, and radioactivity was analyzed by HPLC. It is 
unlikely that the increase in nuclear radioactivity wils due to 
non-specific absorption of the cytoplasmic protein- 
1,25-(OH),-[ ‘H] D, complex, inasmuch as extensive washing 
of the nuclear pellet with TKM buffer failed to remove appre- 
ciable amounts of radioactivity. 
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4. Conclusion 
Collectively, our studies provide new evidence that 
suggests a similarity between the mechanisms respon- 
sible for interaction of I ,25-(OH)2-D, with the skin 
and those that mediate the effects of the hormone on 
an established target organ, such as the intestine. The 
consequences of these cutaneous subcellular events 
are not yet known. However, the recent demonstration 
of a vitamin-D-dependent calcium-binding protein in 
rat skin [ 191 raises the possibility that the skin not 
only synthesizes vitamin D3 but may also be a target 
organ for the most-active form of vitamin D, which is 
1 ,25-(OH)2-D3. 
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